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ABSTRACT

This paper explains the design of an intelligent controller for the grid integration from a photovoltaic (PV)
array. Under the change in temperature and irradiance conditions, the Fuzzy Logic (FL) controller and Neuro
Fuzzy Logic (NFL) controllers are used to compare the development of efficiency and maximum power point
tracking (MPPT) of the PV system. The intelligent control enhanced by the algorithm, can react rapidly to change
the environment and ensure the PV is continually working at MPPT. This provides improved efficiency and
stability of three phase photovoltaic grid connection. The Comparison of FL and NFL control for better
performances and effectiveness of the system is described in this paper.
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1. INTRODUCTION

The rate of expansion of the mechanical society and populace growth is increasing with interests in option
for new energy, with a specific end goal to enhance source efficiency and quality issues. The utilization of PV
energy is an essential asset, in light of the fact that there are a few nations found in tropical and mild locales, where
the direct sun powered thickness might reach up to 1000 W/m?. At present, PV array system gives tremendous
significance as a renewable resource (Xiao, 2004). Researchers and governments are demanding to increase the
efficiency and decreases the capital cost of the solar cells. The drawback of the solar system is that photovoltaic
array is discontinuous, contingent on climate conditions. Hence, MPPT helps the PV framework to be stable and
dependable force for both loads and utility network.

Many PV systems employ different MPPT techniques to maximize power output and the MPPT function is
controlled by the intelligent controls like fuzzy and neuro fuzzy logic (Jiang, 2008). Examination of Fuzzy Logic
and Neuro Fuzzy Logic control for better exhibitions and adequacy is depicted in this paper. The intelligent control
reacts quickly to change nature and ensure the Photo Voltaic is consistently operating at the MPPT. This gives
improved productivity and steadiness of three stage photovoltaic grid connection.

2. EXPERIMENTAL
Intelligent control of grid integrated PV system: The photovoltaic panel is normally connecting to a DC-DC
boost converter to enhance and regulate the output voltage.
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Figure.l. Block diagram of intelligent control based grid integration of power system

Fig 1 shows the block diagram of intelligent control based grid integration. The feedback voltage and
power taken from the PV array can be used for Fuzzy Logic or Neuro Fuzzy Logic based MPPT to produce a
reference for the converter (Chian-Song Chiu, 2011; Blaabjerg, 2008). The converter is connected to the DC-A
Cinverter. The reference signals are given to sinusoidal PWM generator which produces switching pulses for the
inverter. A filter is used to remove the radio frequency interference from the supply. This system produces PV
array voltage corresponding to maximum power (Hussen, 1995; Vasantharaj, 2012; Ibrahim, 2012).

Low-level computational Neural network structures are performing well when dealing with basic
information while Fuzzy Logic deals with higher level reasoning using linguistic data gained from domain experts
(Radianto, 2013; Mellit, 2008; Altin, 2013; Mohandas, 2001; Srismrita Basu, 2012). A Neuro-Fuzzy system is a
Neural network which is functionally equivalent to a fuzzy inference model. Neuro-Fuzzy System can be trained to
develop ‘IF-THEN’ Fuzzy rules andthe membership functions of input /output variables of the system can be
determined. The structure of both Neuro-Fuzzy system and multi-layer neural network are same in nature
(Makhloufi, 2014).
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Design of Fuzzy Logic Controller: The FL controller is used to control the system using the crisp qualities.
Generally the FL controller includes three stages, viz., Fuzzification, Defuzzification and Knowledge base which is

shown in fig 2.
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Figure.2. Block diagram of Fuzzy logic controller
Fuzzification is the technique which is process to change the new values into set up qualities. The choice
of Fuzzification system is liable to the interface based on game plan or solitary standard ending. The information
base is the database of the framework. It gives all the major definitions to the fuzzification process. The scientific
strategy of changing over fuzzy qualities into fresh values is named as 'defuzzification'. Fig.3 to fig.7 shows the

different inputs and membershlp functions of the Fuzzy Logic controller and flg 8 |nd|cates the surface viewer.
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Figure.8. Surface viewer

Design of neuro fuzzy logic controller: Neuro-Fuzzy composite results in a half type good framework that
synergizes these two procedures by joining the human-like thinking style of fuzzy frameworks with the learning.
Neuro-Fuzzy hybridization is termed as Fuzzy Neural Network (FNN) or Neuro-Fuzzy System (NFS). Neuro-
Fuzzy framework joins the human-like thinking style of fuzzy frameworks using fuzzy sets and a phonetic model
comprising of an arrangement of ‘IF-THEN’ fuzzy rules. Fig.9 to fig.13 indicates the membership function, inputs,
rules and surface viewer for a Neuro Fuzzy system.
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Figure.9. Neuro fuzzy membership
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Figure.12. Rules for neuro fuzzy Figure.13. Surface viewer
Comparison Between Fuzzy And Neuro Fuzzy: Fuzzy Logic based on a group of many-valued logic. It targets
on fixed and approximate logical value opposed to fixed and exact value. A variable in fuzzy logic can take a true
value range between 0 and 1. Neural networks (NN) and Artificial Neural Networks (ANN) are computational
models that are generated from the biological neural networks. An ANN is consists of artificial neurons which are
connecting each other. Typically, an ANN familiarizes its structure based on input data.

Fuzzy logic permits clear conclusions based on imprecise or ambiguous information, whereas ANN tries to
incorporate human thinking process to solve problems without mathematically modeling them. In contrast to Fuzzy
logic, for solving the problems ANN tries to apply the thinking process in the human brain. Further, ANN includes
a learning process that involves learning algorithms and requires training information.

In general, a Neuro-Fuzzy system has input/output layers, and three hidden layers of membership functions
and fuzzy rules.

A Neuro-Fuzzy system is a Neural Network which is practically comparable to a fuzzy inference model. It
can be trained to develop IF-THEN fuzzy rules and determine membership functions for input and output variables
of the system. Integrated euro-fuzzy systems can join the parallel computation and learning capacities of neural
networks with the human-like information representation and clarification abilities of fuzzy systems.

3. SIMULATION RESULT AND ANALYSIS

The hypothetical examination of intelligent control based grid integrated PV framework is simulated
utilizing matlabis shown in the figures 14 and 15. The simulation diagram of the MPPT Controller is shown in
fig.16.
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Figure.14. Fuzzy logic based grid integration of PV Figure.15. Neuro fuzzy logic based grid integration of
power system PV power system
| MPPT Controller

Figure.16. MPPT controller
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For the maximum power it is desired to operate the module at the high power point and the power can be
delivered to the load under varying temperature and irradiation conditions.

Figure.17. PV boost voltage Waveform
The fuzzy logic or neuro fuzzy logic control based MPPT helps to boost the PV voltage shown in the
figure 17.

Figure.18. Output voltage waveform
The output waveform includes the disturbances due to the non-linearity in voltages produced by the solar
panels is shown in figure 18.
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Figure.19. Difference between fuzzy and neuro fuzzy in phase 1

The phases have been taken as phase 1, 2 and 3.The disturbance in the voltage waveform can be settled
down by Fuzzy and Neuro-Fuzzy method. This figure 19 shows that the settling time for voltage waveform with
Neuro - Fuzzy is 0.6sec earlier than fuzzy method in phase 1. Similarly for phase 2 and 3, the settling time for
steady state condition using Neuro Fuzzy shows better performance as compared to fuzzy is shown in figure 20 and
21.Phase 2 shows 0.3 sec and phase 3 shows 0.7 sec advance settling time for NeuroFuzzy compared to fuzzy
systems.
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Figure.20. Difference between fuzzy and neuro fuzzy  Figure.21. Difference between fuzzy and neuro fuzzy
in phase 2 in phase 3

4. CONCLUSION

As learnt from the results, Neuro-Fuzzy model is a better choice than Fuzzy Logic model for grid
integrated PV system. It can be concluded from the simulations that Neuro-Fuzzy model provides minute
difference than FL model and it inherits adaptability. Neuro-Fuzzy algorithm is superior to Fuzzy Logic algorithm
for grid integrated PV system. The performance of NeuroFuzzy model can still be improved by training the Neural
Networks with more number of input and output combinations.
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